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BASE STATION APPARATUS, WIRELLESS
TERMINAL APPARATUS, AND WIRELESS
COMMUNICATION METHOD

BACKGROUND
1. Technical Field

The present disclosure relates to a base station apparatus,
a wireless terminal apparatus, and a wireless communication

method, for performing wireless communication according,
to IEEES02.11.

2. Description of the Related Art

Wireless LAN (Local Area Network) systems according
to IEEE (The Institute of F Electronics Engi-

Electrical and

neers, Inc.) 802.11 are widely used as systems that realize
high-speed wireless data communication. The wireless LAN
systems according to IEEE802.11 can be roughly classified
into two types depending on radio frequencies.

One type 1s called non-DMG and 1s assumed to be used
in a microwave band below 6 GHz. This type includes
IEEE802.11a, b, g, n, ac systems. The other type 1s called
DMG and 1s assumed to be used in a millimeter-wave band.
This type includes an IEEE802.11ad system and the like.
Note that DMG stands for Directional Multi Gigabat.

A DMG device used in the millimeter-wave band 1s
capable of suppressing a reduction 1n an effective band width
caused by interference by using a beamforming technique,
spatial multiplication, or similar techniques that are enabled
by the property of line-of-sight propagation of radio waves
used, and 1t 1s predicted to provide a wireless network that
allows a transmission rate higher than 1 Gbps 1n an effective
throughput.

Descrlptlons of related techniques may be found, for
example, mn IEEE802.11-2012 and IEEE802.11ad-2012.

LlJ

SUMMARY

A wireless LAN communication procedure generally
includes scanning, connection authentication, data commu-
nication, and disconnection, which are performed in this
order. An 1ncrease 1n the data communication rate causes an
increase in the ratio of time needed to perform scanning and
connection authentication to the total time needed for com-
munication. More specifically, for example, 1n a case where
data of 700 MBytes 1s transmitted 1n a wireless communi-
cation LAN system with an eflective throughput of 2 Gbps,
a time needed for the transmission 1s 700 (MBytes)*8
(bits/Byte)/2 (Gbps)=2.8 (seconds). In this case, for
example, 1 scanning for data communication needs 300
milliseconds and connection authentication needs 50 muilli-
seconds, the total time needed for data communication 1s
3.35 seconds, and thus the time needed for the scan and the
connection authentication occupies about Vs of the total data
communication time. Furthermore, 1n a case where when the
data communication rate 1s increased, for example, by a
factor of 2, that 1s, when the data communication rate 1s
increased to 4 Gbps, 1f the time needed for the scan and the
connection authentication remains the same, then the time
needed for the scan and the connection authentication occu-
pies about '3 of the total data communication time. Thus,
there 1s a need for a reduction 1n time needed for scanming,
and connection authentication.

The scan 1s an operation of searching for a connection
device (for example, a base station apparatus such as an
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2

access point or the like) with which a wireless terminal
apparatus 1s to communicate. The time needed for the san

depends on a transmission repetition period of a Beacon
frame which 1s one type of management frame periodically
transmitted by a base station apparatus. The transmission
repetition period of the Beacon frame 1s 100 milliseconds.
The transmission repetition period of the Beacon frame may
be set to be smaller than 100 milliseconds. However, 1f the
frequency of transmitting the Beacon frame that does not
carry data 1s increased, the result 1s a reduction 1n an
eflective bandwidth, that 1s, a reduction 1n an eflective
throughput. In DMG, the transmission beam has strong
directivity, and thus the increase in the frequency of trans-
mitting the Beacon frame may cause interference to occur
between wireless communication apparatuses (wireless ter-
minal apparatuses, base station apparatuses), which may
impair the effective bandwidth.

One non-limiting and exemplary embodiment provides a
base station apparatus, a wireless terminal apparatus, and a
wireless communication method, capable of suppressing a
reduction 1n an effective bandwidth due to a transmission of
a Beacon frame or interference between wireless commu-
nication apparatuses thereby making it possible to perform
scanning in a short time.

In one general aspect, the techmiques disclosed here
feature a base station apparatus that performs a wireless
communication with a plurality of wireless terminal appa-
ratuses according to IEEE802.11, including a frame genera-
tor that generates one or more ﬁrst frames, each first frame
including information indicating that a TXOP period
assigned for communication with one of the plurality of
wireless terminal apparatuses has expired and an addition-
ally added Beacon element including information associated
with the base station apparatus, and a transmitter that
transmits the generated one or more first frames to the
plurality of wireless terminal apparatuses.

According to the aspect, 1t 1s possible to suppress a
reduction 1n an effective bandwidth due to a transmission of
a Beacon frame or interference between wireless commu-
nication apparatuses and it 1s possible to perform scanmng
in a short time.

It should be noted that general or specific embodiments
may be implemented as a system, a method, an integrated
circuit, a computer program, a storage medium, or any
selective combination thereof.

Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be 1ndi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a sequence diagram 1llustrating a sequence for
a case where 1n conventional DMG, a wireless LAN com-
munication 1s performed between one access point AP and
three wireless terminal apparatuses STA1 to STA3;

FIG. 2 1s a block diagram illustrating an example of a
confliguration of an access point AP which 1s an example of
PCP/AP;

FIG. 3A 15 a diagram for 1llustrating a basic frame format
used in communication 1 a wireless LAN system according
to IEEER02.11;

FIG. 3B 1s a diagram for illustrating a structure of a Frame
Control field in a MAC header illustrated in FIG. 3A;
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FIG. 4 1s a diagram 1illustrating an example of a configu-
ration of an STA which 1s an example of a non-PCP/AP STA;

FIG. 5 1s a sequence diagram for illustrating a specific
example of a communication sequence between an AP and
STA1 to STA3 according to a first embodiment;

FIG. 6A 15 a sequence diagram 1llustrating an example of
a sequence in which a CF-END+Beacon frame including a
CF-END frame and a Beacon element 1s transmitted at an
end of a TXOP period assigned to an AP;

FIG. 6B 1s a sequence diagram 1illustrating an example of
a sequence in which a CF-END frame and a frame including
a Beacon element are sequentially transmitted at an end of
a TXOP period assigned to an AP;

FIG. 6C 1s a sequence diagram illustrating an example of
a sequence 1 which a plurality of CF-END+Beacon frames
are transmitted 1n different beam directions at an end of a
TXOP period assigned to an AP;

FIG. 6D 1s a sequence diagram 1llustrating an example of
a sequence 1n which, following a CF-END frame, a plurality
of frames each including a Beacon element are transmitted
in different beam directions at an end of a TXOP period
assigned to an AP;

FIG. 7A 1s a sequence diagram 1llustrating an example of
a sequence 1 which a CF-END frame 1s transmitted at an
end of a TXOP period assigned to an AP and a frame
including a Beacon element 1s transmitted after the TXOP
period expires; FIG. 7B 1s a sequence diagram 1illustrating an
example of a sequence i which a frame including a Beacon
clement 1s transmitted after a TXOP period assigned to an
AP expires;

FI1G. 7C 1s a sequence diagram 1llustrating an example of
a sequence 1n which after a CF-END frame 1s transmitted at
an end of a TXOP period assigned to an AP, a plurality of
frames each including a Beacon element are transmitted 1n
different beam directions after the TXOP period expires;

FI1G. 7D 1s a sequence diagram 1llustrating an example of
a sequence 1n which 1n a case where a TXOP period assigned
to an AP expires, a plurality of frames each including a
Beacon element are transmitted in different beam directions;

FIG. 8A 1s a sequence diagram illustrating an example of
a sequence 1 which a CF-END+Beacon frame added with
a plurality of trailers 1s transmitted at an end of a TXOP
period assigned to an AP;

FIG. 8B 1s a sequence diagram illustrating an example of
a sequence 1n which after a CF-END frame 1s transmitted at
an end of a TXOP period assigned to an AP, a frame
including a Beacon element added with a plurality of trailers
1s transmitted;

FIG. 8C 1s a sequence diagram 1illustrating an example of
a sequence 1n which after a CF-END frame 1s transmitted at
an end of a TXOP period assigned to an AP, a frame
including a Beacon element added with a plurality of trailers
1s transmitted after the TXOP period expires;

FIG. 8D 1s a sequence diagram illustrating an example of
a sequence 1n which a frame including a Beacon element
added with a plurality of trailers 1s transmitted after a TXOP
period assigned to an AP expires;

FIG. 9 1s a sequence diagram for illustrating a specific
example of a commumnication sequence between an AP and
STA1 to STA3 according to a second embodiment;

FIG. 10A 15 a sequence diagram illustrating an example of
a sequence 1n which in response to a CF-END frame from
STA1, an AP transmits a CF-END+Beacon frame including
a CF-END frame and a Beacon element at an end of a TXOP
period;

FIG. 10B 1s a sequence diagram 1llustrating an example of
a sequence 1n which in response to a CF-END frame from
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STA1, an AP sequentially transmits a CF-END frame and a
frame 1ncluding a Beacon element at an end of a TXOP
period;

FIG. 10C 1s a sequence diagram 1llustrating an example of
a sequence 1n which at an end of a TXOP period assigned to
the STA1, in response to receiving a CF-END frame from
the STAI1, a plurality of CF-END+Beacon frames are trans-
mitted 1in different beam directions;

FIG. 10D 1s a sequence diagram 1llustrating an example of
a sequence 1n which at an end of a TXOP period assigned to
STA1, 1 response to recerving a CF-END frame from the
STA1, a CF-END {rame 1s transmitted and then subse-
quently a plurality of frames each including a Beacon
element are transmitted 1n different beam directions;

FIG. 11 A 1s a sequence diagram 1llustrating an example of
a sequence in which 1n response to a CF-END frame
transmitted from STA1, an AP transmits a CF-END frame at
an end of a TXOP period and further transmits a frame
including a Beacon element after the TXOP period expires;

FIG. 11B 1s a sequence diagram illustrating an example of
a sequence 1 which expiration of a TXOP period 1s recog-
nized by receiving a CF-END frame from STA1, and an AP
transmits a frame including a Beacon element after the
expiration of the TXOP period;

FIG. 11C 1s a sequence diagram illustrating an example of
a sequence 1n which after a TXOP period assigned to STA1
expires, an AP transmits a frame including a Beacon ele-
ment,

FIG. 11D 1s a sequence diagram 1llustrating an example of
a sequence 1 which in response to a CF-END frame
transmitted from STA1, an AP transmits a CF-END frame at
an end of TXOP and further transmits a plurality of frames
cach mcluding a Beacon element 1n different beam direc-
tions after the TXOP period expires;

FIG. 11E 1s a sequence diagram illustrating an example of
a sequence 1 which expiration of a TXOP period 1s recog-
nized by receiving a CF-END frame from STA1, and an AP
transmits a plurality of frames each including a Beacon
clement 1n different beam directions aifter the expiration of
the TXOP period;

FIG. 11F 1s a sequence diagram illustrating an example of
a sequence 1n which after a TXOP period assigned to STA1
expires, an AP transmits a plurality of frames each including
a Beacon element 1n different beam directions;

FIG. 12A 15 a sequence diagram 1llustrating an example of
a sequence in which 1n response to receiving a CF-END
frame from STA1l, an AP transmits a CF-END+Beacon
frame added with a plurality of trailers;

FIG. 12B 1s a sequence diagram 1llustrating an example of
a sequence 1n which at an end of a TXOP period assigned to
STA1, 1n response to recerving a CF-END frame from the
STA1, an AP transmits a CF-END {rame and then a frame
including a Beacon element added with a plurality of
trailers;

FIG. 12C 1s a sequence diagram 1llustrating an example of
a sequence in which in response to a CF-END frame
transmitted from STA1, an AP transmits a CF-END {rame at
an end of a TXOP period and further transmits a frame
including a Beacon element added with a plurality of trailers
alter the TXOP period expires;

FIG. 12D 1s a sequence diagram 1llustrating an example of
a sequence 1 which expiration of a TXOP period 1s recog-
nized by receiving a CF-END frame from STA1, and an AP
transmits a frame including a Beacon element added with a
plurality of trailers after the expiration of the TXOP period;

FIG. 12F 1s a sequence diagram illustrating an example of
a sequence 1n which after a TXOP period assigned to STA1
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expires, an AP transmits a frame mncluding a Beacon element
added with a plurality of trailers;
FIG. 13 1s a flow chart illustrating an example of an
operation ol STA2 according to a third embodiment; and
FIG. 14 1s a flow chart illustrating an example of a

modification of an operation of STA2 according to the third
embodiment.

DETAILED DESCRIPTION

Description of Basis of the Present Disclosure

In the network configuration according to IEEE802.11,
IBSS (Independent Basic Service Set), BSS (Basic Serwce

Set), PBSS (Personal Basic Service Set) and the like are
supported as communication modes. IBSS 1s called an ad
hoc mode, and BSS 1s called an infrastructure mode. In these
communication modes, or in BSS or PBSS, an access point
AP and PCP (PBSS Control Point) are respectively defined
as wireless communication apparatuses corresponding to
base station apparatuses that mange connections. Hereinai-
ter, these are referred to collectively as PCP/AP. Further-
more, non-AP STA (STAtion) and non-PCPSTA are defined
as wireless communication apparatuses corresponding to
wireless terminal apparatuses connected to a base station
apparatus. Hereinafter, the wireless communication appara-

tuses corresponding to the wireless terminal apparatuses are
referred to collectively as non-PCP/AP STA.

Note that PBSS and PCP are not defined for non-DMG,
and thus in the following description of an operation of
non-DMG according to the embodiment, a wireless com-
munication apparatus 1s denoted, as necessary, as non-
(PCP/)AP STA, (PCP/)AP, or the like using parentheses.

A sequence ol communication procedure in a wireless
LAN system according to IEEE802.11 generally includes
scanning, connection authentication, communication (data
transier), and disconnection, which are performed in this
order. Depending on a situation, in the middle of commu-
nication, scanning may be performed to search for a next
connection device, or handover may be performed to switch
to a next connection device.

The scanning 1s an operation of searching for PCP/AP,
that 1s, a wireless communication apparatus to which the
connection to be made or searching for PBSS/BSS which 1s
PCP/AP service. The connection authentication 1s a
sequence of operations including an operation of issuing a
connection request to a PCP/AP determined as a connection
destination of a non-PCP/AP STA, an operation of confirm-
ing the connection, and an operation mainly associated with
encryption authentication. The communication (data trans-
fer) 1s an operation of actually transmitting and receiving
data. The disconnection 1s an operation of disconnecting a
wireless terminal apparatus from a base station apparatus
when 1t 1s obvious that communication 1s no longer neces-
sary. Depending on a situation, the disconnection may be
performed not in an explicit manner.

Next, a procedure 1n the scan operation 1s described 1n
detail below. In the scan procedure, the following two types
of procedures are allowed: Passive Scan; and Active Scan.
The Passive Scan 1s an operation in which non-PCP/AP STA
receives a Beacon frame transmitted from PCP/AP, and the
non-PCP/AP STA confirms BSSID (Basic Service Set IDen-
tifier). The Active Scan 1s an operation in which non-PCP/
AP STA transmits Probe Request frame which includes a
desired SSID or 1mn which a particular PCP/AP 1s specified
thereby requesting a PCP/AP to return a response including,
BSSID information to the non-PCP/AP STA. These opera-
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tions include some difference 1n procedure between non-
DMG and DMG as described below.

Passive Scan in Non-DMG
(PCP/)AP periodically transmits a Beacon frame to non-
(PCP/)AP STA 1n a receiving state at time TBTT (Target

Beacon Transmission Time). The repetition period of TBTT
1s set to, for example, 100 ms. When non-(PCP/)AP STA

receives a Beacon frame, non-(PCP/)AP STA acquires infor-
mation associated with (PCP/)AP and (PBSS/)BSS from the

Beacon frame. Thus, 1n the Passive Scan in non-DMG, the

time needed to complete the scan depends on the repetition
period of TBT'T.

Active Scan in Non-DMG

According to a wireless medium access procedure, non-
(PCP/)AP STA secures a medium and then transmits a Probe
Request frame. When (PCP/)AP STA receives the Probe
Request frame, (PCP/)AP STA responds, as required, to the
non-(PCP/)AP STA by returning a Probe Response frame.
The non-(PCP/)AP STA receives the Probe Response frame
from the (PCP/)AP STA and acquires information associated
with the (PCP/)AP and the (PBSS/)BSS.

The Active Scan can be completed for a short time
compared with the Passive Scan. However, situations often
occur 1n which Probe Request frames for the scan are
transmitted very frequently. Such situations tend to occur in
particular in urban areas in which a huge number of wireless
communication apparatuses exit. Such situations may cause
interframe 1nterference to occur, which may aflect a
medium, and thus there 1s a need for handling such situa-
tions.

Passive Scan in DMG

On the other hand, 1n the passive scan 1n DMG, the
operation 1s performed as follows. A PCP/AP transmits a
Beacon frame to a non-PCP/AP STA 1n a reception waiting
state periodically at time TBTT. When a non-PCP/AP STA
receives a Beacon Irame, the non-PCP/AP STA acquires
information associated with the PCP/AP and the PBSS/BSS.
The repetition period of TBTT 1s set to, for example, 100 ms.

Until this step, the operation 1s similar to that of the Passive
Scan 1n the non-DMG.

Thereatter, the non-PCP/AP STA and the PCP/AP per-
form beamiorming training using a Beacon frame and an
SSW (Sector SWeep) frame, and determine beam configu-
rations for the PCP/AP and the non-PCP/AP STA. Note that
the beamiorming training 1s an operation performed by
DMG device, before connection authentication, to take full
advantage of the property of radio waves at frequencies
where the radio waves tend to make ling-of-sight propaga-
tion. Also 1n the passive scan 1n DMG, the time needed to
complete the scan depends on the repetition period of TBTT.
Active Scan 1n DMG

The Active Scan 1n DMG 1s described below mainly, by

way of example, for a case 1n which there are two non-PCP/
AP STAs. One of the non-PCP/AP STAs randomly transmits

a Beacon frame. The other one of the non-PCP/AP STAs
also randomly transmits a Beacon frame. When one of the
non-PCP/AP STAs receives a Beacon frame, this non-PCP/
AP STA acquires mnformation associated with the other one
ol the non-PCP/AP STAs and information associated with
PBSS/BSS to be established.

Furthermore, the two non-PCP/AP STAs perform beam-
forming training using a Beacon frame and an SSW frame
and determine a beam configuration to be used between the

two non-PCP/AP STAs. When one of the non-PCP/AP STAs
(a first non-PCP/AP STA) receives a Beacon frame, this
non-PCP/AP STA transmits Probe Request frame. When this

Probe Request frame 1s received by the other one of the
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non-PCP/AP STAs (a second non-PCP/AP STA), this sec-
ond non-PCP/AP STA responds by returning a Probe
Response frame. When the Probe Response frame 1is
received by the first non-PCP/AP STA, the first non-PCP/AP
STA acquires, from this Probe Response frame, information
associated with the second non-PCP/AP STA and informa-
tion associated with PBSS/BSS which to be established.

The Active Scan 1n DMG has been described above for
the case 1n which any wireless communication apparatus 1s
not started as a PCP/AP, that 1s, not as a base station
apparatus. In a case where one of the wireless communica-
tion apparatuses 1s already started as a PCP/AP, the trans-
mission repetition period of the Beacon frame 1s equal to the
repetition period of TBTT as 1n the procedure in non-DMG
or as 1n the procedure in the Passive Scan, and thus the time
needed to complete the scan depends on the repetition period
of TBTT.

Note that in IEEE802.11, the operatlon of the Active Scan
in non-DMG 1s allowed to be used in DMG, although it 1s
not used in conventional DMG as described below.

Details of Scan in DMG

As examples of operations of non-DMG and DMG, the
respective operations of the Passive Scan and the Active
Scan have been described above. The scan operation 1n
DMG 1s described in further detail below. FIG. 1 1s a
sequence diagram 1llustrating a sequence for a case where 1n
conventional DMG, a wireless LAN communication 1S
performed between one access point AP and three wireless
terminal apparatuses STA1 to STA3.

In FIG. 1, an access point AP 1s already started, and STA1
and STA3 which are non-PCP/AP STAs are already con-
nected to the AP. In the middle of communication between
the AP and the STA1, the STA2 1s activated and the STA2
starts scanning. In the sequence diagram 1llustrated 1n FIG.
1, the communication between the AP and the STA1 1s
initiated by the AP.

In a wireless LAN system according to IEEE802.11,
medium access control 1s performed by CSMA/CA (Carrler
Sense Multiple Access/Collision Avoidance). Each device of
the AP and STA1 to STA3 1n FIG. 1 uses, i1n communication,
a radio wave at a frequency at which the radio wave tends
to make ling-of-sight propagation or have sharp directivity.
Therefore, each device has a capability of changing a beam
direction by beamforming.

As 1llustrated 1n FIG. 1, in DMG, 1n a case where the AP
1s 11 a state 1 which the AP 1s not communicating with any
STA, 1t 1s dithcult for the AP to predict a direction from
which a radio wave (beam) will next come from an STA, and
thus the AP waits for a radio wave to arrive in a state in
which a receiving antenna 1s set in a Quasi-Omni mode such
that it 1s possible to receive a radio wave coming from any
direction.

Note that 1n a case where communication 1s performed 1n
a BSS mode, the nature of BSS ensures that the connection
destination of the STA 1s an AP, and thus the STA 1s allowed
to set the beam 1n a direction toward the AP. That 1s, 1n the
waiting state, the STA does not need to be 1n the Quasi-Omni
mode. On the other hand, 1n a case where communication 1s
performed 1 a PBSS mode, it 1s diflicult for each STA to
predict a direction from which a next radio wave (beam) will
come, and thus each STA sets the receiving antenna 1n the
Quas1-Omni1 mode and waits for a radio wave to come as
with the case of the AP 1n the BSS mode.

Although not shown i FIG. 1, first of all, according to
CSMA/CA, the AP performs a backolil procedure (arbitra-
tion by a coordination function) to avoid a collision between
data (frames) which may occur when a plurality of wireless
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communication apparatuses perform communication sub-
stantially simultaneously. After the backofl procedure 1s
ended, to start communication illustrated in FIG. 1, the AP
transmits, to the STA1, an RTS (Request to Send) frame
whose destination address 1s set to the STA1. To increase
reachability, the RTS {frame 1s transmitted using MCS
(Modulation Coding Scheme) for control such as Control-
PHY or the like set at a low rate (data communication rate).
Note that 1 the example in FIG. 1, the AP communicates
also with the STA3, and thus the AP transmits a RTS frame
to the STA3 at the same time as the RTS frame 1s transmitted
to the STAI.

When the STA1 receives a RTS frame addressed to the
STA1, the STA1 responds by returning a CTS (Clear to
Send) frame. When the AP receives the CTS frame from the
STA1, the AP acquires a transmission opportunity TXOP
(Transmission OPportunity) over a particular period. In
IEEER02.11, it 1s allowed to set the TXOP period up to 32
ms. For example, the TXOP period 1s set to a few ms. TXOP
1s a parameter used by a wireless communication apparatus
to set a period during which the wireless communication
apparatus occupies a communication channel.

The reception of the CTS frame from the STA1 allows the
AP to recognize that the AP has acquired a transmission
opportunity over a particular period starting with the recep-
tion of the CTS {frame, and the AP sets the direction of a
transmission/reception beam toward the STA1 such that an
improvement 1 the communication environment 1s
achieved. To make 1t possible to more surely receive the
CTS frame, after the AP transmits the RTS frame, the AP
may set the directivity of the reception beam toward the
STA1 betore the CTS frame 1s received from the STAL.

The AP continues transmitting frames over the acquired
TXOP period. In the TXOP period acquired by the AP, the
STA1 transmits and receives data, and transmits an arrival
confirmation response by transmitting, as required, an ACK
(Acknowledge) frame or BA (Block Ack) frame. Note that
in the TXOP period acquired by the AP, the data transmis-
s10n opportunity may be temporarily transierred from the AP
to the STA1 using a RD (Reverse Direction) function or the
like, and the STA1 may perform communication.

Even in the middle of the TXOP period, if TXOP 1s no
longer necessary (for example, when there 1s nothing more
to be transmitted), the AP transmits a CF-END frame
thereby declaring the release of TXOP and notifying STA1
to STA3 existing around the AP of the release of TXOP.

On the other hand, the STA2 i1s started in the middle of the
TXOP period assigned to the AP, and the STA2 starts to scan
a connection destination. To complete the scan in a short
time, the STA2 performs a conventional Active Scan pro-
cedure, that 1s, the STA2 transmits a probe request (PrbReq)
frame.

However, the AP 1s in communication with the STA1, and
the beams 1s directed toward the STA1, and thus it 1s diflicult
for the AP to receive the PrbReq frame from the STA2 and
correctly demodulate the PrbReq frame. Therefore, the AP
does not respond.

Because no response 1s returned from the AP, the STA2
repeatedly retransmits the PrbReq frame as illustrated in
FIG. 1. Thus, the transmission of the PrbReq frame from the
STA2 can create an 1interference wave that interferes with the
communication between the AP and the STA1, which may
impede the communication, or the transmission of the
PrbReq frame from the STA2 may interfere with other
nearby BSSs, which may impede wireless communication
by the nearby BSSs. However, 1t 1s dithicult for the STA2 to

recognize that the wireless communication apparatus of the
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STA2 1s continuously imterfering with the communication
performed between other wireless communication appara-
tuses, and thus the STA2 continues generating the interfer-
ence wave.

As described above, in DMG, use of the conventional
Active Scan (used 1n non-DMG) for quickly completing the
scan can result 1n a dithiculty in quickly completing the scan,
and can cause interference with a communication wave
generated by another wireless communication apparatus,
which may cause a reduction 1n the eflfective bandwidth of
the medium. Therefore, 1n DMG according to the conven-
tional technique, the conventional Active Scan 1s not used to
quickly complete the scan.

Note that in the case of non-DMG, the directivity of the
beam 1s relatively not strong, and thus even when a radio
wave transmitted by the AP 1s not directed toward the
wireless communication apparatus of the STA2, the STA2 1s
capable of sensing a carrier from the radio wave transmitted
by the AP. Therefore, even 1f retransmitting of the PrbReq
frame 1s performed repeatedly, this does not cause interfer-
ence.

First Embodiment

Example of Configuration of PCP/AP

A first embodiment of the present disclosure applied to a
wireless communication system according to IEEES02.11 1s
described below. In the following description of the embodi-
ment, a DMG wireless communication system 1s taken as an
example. First, a configuration of an access point AP, which
1s an example of PCP/AP, 1s described. FIG. 2 1s a block
diagram 1llustrating an example of a configuration of an
access point AP. Note that the PCP/AP corresponds to a base
station apparatus according to the present disclosure. That 1s,
the access point AP 1llustrated 1n FIG. 2 1s an example of a
base station apparatus according to the present disclosure.

FIG. 2 1s a block diagram illustrating an example of a
configuration of an access point AP. As illustrated 1n FIG. 2,
the AP includes a wireless transmitter 101, a wireless
receiver 102, a frame judger 103, a frame generator 104, a

discovery timer 105, a TOXP timer 106, a Backoil (CSMA/
CA) timer 107, a TBTT timer 108, and an immediate
response transmission timer 109,

The wireless transmitter 101 and the wireless receiver 102
cach transmits and receives frames to and from, for example,
non-PCP/AP STA. The wireless transmitter 101 and the
wireless receiver 102 each include at least one antenna and
a beam detlection capability and each are capable of chang-
ing a beam direction.

When the wireless receiver 102 recerves a frame from
another non-PCP/AP STA, the frame judger 103 judges the
frame type. To judge the frame type, the frame judger 103
refers to a Frame Control field in a MAC header, which 1s
a header of a MAC (Media Access Control) layer, of
transmitted data.

FIG. 3A 1s a diagram for illustrating a basic {frame format
used 1 communication 1n a wireless LAN system according
to IEEE802.11. FIG. 3B 1s a diagram for illustrating a
structure of a Frame Control field in a MAC header 1llus-
trated 1n FIG. 3A.

The “Frame Control” field shown 1n FIG. 3A indicates, as
shown in FIG. 3B, the frame type, the decoding method of
cach address field, whether the current frame 1s encrypted or
not, etc. A “Duration/ID” field shown in FIG. 3A indicates

a frame transmission reservation time or a remaining time 1n
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the reservation time. An “Address1” field shown in FIG. 3A
indicates a destination address, that 1s, a MAC address or the
like of a receiving station.

An “Address2” field shown 1n FIG. 3A indicates a trans-
mission source address, that 1s, a MAC address or the like of

a wireless transmission apparatus. An “Address3” field
shown 1n FIG. 3A indicates a MAC address (referred to as

BSSID or the like) of a base station apparatus ol PBSS/BSS.
A “Sequence Control” field shown 1n FIG. 3A indicates a
division position, a sequence number, or the like. An
“Address4” field shown in FIG. 3A 1s used when a commu-
nication between base station apparatuses (WDS (Wireless

Distribution Service)) 1s performed. A “Frame Body™ field
shown 1n FIG. 3A 1s a body (a content) of data. An “FCS”

field shown 1n FIG. 3A 1s a field for error checking.

A “Type” field shown in FIG. 3B indicates a main
classification of the frame type. A “Subtype” field shown 1n
FIG. 3B indicates a sub classification of the frame type. A
“ToDS” field shown in FIG. 3B indicates whether the
destination 1s a base station apparatus or a wireless com-
munication apparatus, or the like. Note that DS stands for
Distribution Service. A “FromDS” field shown in FIG. 3B
indicates whether the transmission source 1s a base station
apparatus or a wireless communication apparatus, or the
like. A “More Fragments” field shown 1n FIG. 3B indicates
whether the current frame 1s a fragment (divided) frame. A
“Retry” field shown 1n FIG. 3B indicates whether the current
frame 1s a retransmission frame.

A “Power Management™ field shown in FIG. 3B indicates
whether the transmission source 1s 1n a power management
mode. A “More data” field shown 1 FIG. 3B 1s used to

inform an STA being 1n a power save mode that further data
exists. A “Protected Frame” field shown 1n FIG. 3B indicates
whether data 1s encrypted. An “Order” field shown in FIG.
3B indicates whether a restriction 1s set on the arrival order.

The frame type 1s determined by a combination of the
“Type” field and the “Subtype” field shown in FIG. 3B.
Examples of frame types include a RTS (Request To Send)
frame and a CTS (Clear to Send) frame which are used to
avoild a collision between wireless communication appara-
tuses at a start of communication, a Probe Request frame to
transmit SSID (Service Set Identifier) to nearby non-PCP/
AP STAs and wait for a response to come, a Data frame
which 1s a content of communication, a CF-END (Conten-
tion Free-End) frame for announcing an end of communi-
cation, eftc.

As described above, the frame judger 103 judges the
frame type. In a case where the judged frame type 1s one of
the RTS frame, the CTS frame, the Probe Request frame,
and the CF-END frame, the frame judger 103 outputs
information included in the frame to the frame generator 104
and the TXOP timer 106. In a case where the frame 1s a Data
frame, the frame judger 103 outputs this Data frame to an
upper layer (a network layer or higher layer).

The frame generator 104 generates a frame to be trans-
mitted. The type of the frame to be transmitted 1s a RTS
frame, a CTS frame, a Data frame, or a CF-END frame or
a Probe Response frame which 1s a response to a Probe
Request frame, a Beacon frame for informing nearby wire-
less terminal apparatuses of information about the AP, a
CF-END+Beacon frame which will be described 1in detail
later, or the like.

In a case where the frame type 1s judged as the RTS frame
by the frame judger 103, the frame generator 104 generates

a CTS frame. In a case where the frame type 1s judged as the
Probe Request frame by the frame judger 103, the frame

generator 104 generates a Probe Response frame.
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In a case where the frame type 1s judged as a CF-END
frame by the frame judger 103, the frame generator 104
judges whether a Beacon element has been transmitted
within a particular period by suing, for example, the dis-
covery timer 105 which will be described later. In a case
where transmission has not been performed, the frame
generator 104 generates a CF-END frame added with a
Beacon element (an information element that a non-PCP/AP
STA acquires from a Beacon frame when non-PCP/AP STA
makes a connection). That 1s, a CF-END frame transmitted
by an AP after a TXOP period expires includes an addition-
ally added Beacon element. Hereinafter, a CF-END frame
added with a Beacon element will be referred to as a
CF-END+Beacon frame. In a case where communication
data 1s acquired from an upper layer, the frame generator 104
generates a Data frame. Separately from these frames, the
frame generator 104 generates a Beacon frame.

In a case where the frame type 1s judged as a CF-END
frame by the frame judger 103, the discovery timer 1035
judges whether a Beacon element has been transmitted
within a particular period, and the discovery timer 105
outputs a result to the frame generator 104. This allows the
frame generator 104 to prevent the frame including the
Beacon element from being generated again in the particular
period after the CF-END+Beacon frame 1s generated by the
frame generator 104 and transmitted aiter the expiration of
the TXOP period, even when another TXOP period expires.
Thus even 1n a case where the TXOP period 1s ended belore
its expiration, for example, when the AP does not have more
frames to transmit, it 1s possible to prevent an excessive
number of frames each including a Beacon element from
being generated, and thus it i1s possible to minimize the
reduction 1n the effective bandwidth.

The TXOP timer 106 1s a timer that measures elapse of the
TXOP period and prowdes a notification of a start/end of the
TXOP period. TXOP 1s, as described above, a perlod over
which a wireless communication apparatus occupies a com-
munication channel. The TXOP timer 106 makes a judg-
ment, based on a CTS frame acquired from an opposite
communication station or based on a CTS frame generated
by the frame generator 104, as to whether the TXOP period
has been 1nitiation in the wireless communication apparatus
or the TXOP period has been mitiated in the opposite
communication station. In a case where a frame such as a
CTS frame or the like 1s received from an opposite wireless
communication apparatus or from a third wireless commu-
nication apparatus (not shown), it i1s recognized that a
transmission prohibition period has occurred at the present
wireless communication apparatus, and the transmission
prohibition period may be counted using the TXOP timer
106. Note that the counting may be performed using a timer
other than the TXOP timer.

In a case where a received frame 1s a CTS frame, the
TXOP timer 106 judges that the present wireless commus-
nication apparatus 1s to acquire TXOP. In response, the
frame generator 104 generates a CTS frame. When this CTS
frame 1s transmitted, 1t 1s judged that the transmission of the
CTS frame causes a wireless communication apparatus at an
opposite end to acquires TXOP, and the present wireless
communication apparatus 1s to be 1n a transmission prohi-
bition period.

As described above, when the TXOP period starts at the
present wireless communication apparatus or the wireless
communication apparatus at the opposite, the TXOP timer
106 performs an end judgment as to whether the TXOP
period had ended. In a case where 1t 1s judged that the TXOP
period has ended, the switch SW1 1s closed and the CF-END
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frame generated by the frame generator 104 1s transmitted
from the wireless transmitter 101 toward the surroundings.

When 1t 1s judged that the TXOP period starts or ends, the
wireless transmitter 101 and the wireless receiver 102
switches the beam deflection. More specifically, during the
TXOP period, the wireless transmitter 101 and the wireless
receiver 102 set the beam such that the beam 1s directed
toward a non-PCP/AP STA at an opposite end, while 1 a
period other than the TXOP period, the beam i1s set such that
the beams 1s ommnidirectional (in an omni mode) or quasi-
omnidirectional (1n a quasi-omni mode). Furthermore, 1n a

case where 1t 1s judged that the period is 1n the middle of the

TXOP period, the switch SW3 1s closed and a Data frame 1s
transmitted from the wireless transmitter 101 to the non-
PCP/AP STA at the opposite end.

The Backofl (CSMA/CA) timer 107 1s a timer that mea-
sures a backofl time (a time provided to avoid a collision
between frames). Note that CSMA/CA stands for Carrier
Sense Multiple Access with Collision Avoidance, and 1s a
communication procedure defined in IEEES02.11. When the
Backofl timer 107 judges that the backofl time has ended,
the switch SW2 1s closed and a RTS frame, a Probe Request
frame, a Probe Response frame, a Data frame, or the like
generated by the frame generator 104 1s transmitted toward
the surroundings from the wireless transmitter 101.

The TBTT timer 108 judges whether a transmission
repetition period for a Beacon frame has come. In a case
where 1t 1s judged that the transmission repetltlon period for
the Beacon frame has come, the switch SW4 1s closed, and
the Beacon frame generated by the frame generator 104 1s
transmitted toward the surroundings from the wireless trans-
mitter 101.

In a case where an ACK frame 1s transmitted after a Data
frame 1s received, or 1n a case where a CTS frame 1s
transmitted after an RTS frame 1s received, the immediate
response transmission timer 109 1s started aiter the Data
frame or the RTS frame 1s received. When the immediate
response transmission timer 109 judges that a specified time
has expired, the switch SW3 1s closed, and an immediate
response frame such as an ACK frame, a CTS frame, or the
like generated by the frame generator 104 1s transmitted
from the wireless transmitter 101 to a nearby wireless
communication apparatus.

As described above, when the TXOP assigned to the AP
has expired, the AP generates a CF-END+Beacon frame by
adding Beacon element, which 1s an mformation element
included 1n a Beacon frame, to a CF-END {rame, and
transmits the generated CF-END+Beacon frame. This
makes 1t possible for a non-PCP/AP STA existing around an
AP to end the scan operation, without waiting for a Beacon
frame, which 1s not transmitted frequently, to arrive, 1n
response to the Beacon element added to the CF-END frame
for notifying nearby wireless communication apparatuses
that the AP has come into a communication available state.
Non-PCP/AP STA

Next, FIG. 4 1s a diagram 1llustrating an example of a
configuration of an STA as an example of a non-PCP/AP
STA. Note that the non-PCP/AP STA corresponds to the
wireless terminal apparatus according to the present disclo-
sure. That 1s, the STA according to the first embodiment 1s
an example of a wireless terminal apparatus according to the
present disclosure. As 1llustrated 1n FIG. 4, the STA includes
a wireless transmitter 201, a wireless receiver 202, a frame
judger 203, a frame generator 204, a TXOP timer 205, a
Backofl (CSMA/CA) timer 207, a PrbReq timer 209, a
TXOP expiration timer 210, and an immediate response

transmission timer 211.
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Of the elements shown 1n FIG. 4, the wireless transmitter
201, the wireless receiver 202, the TXOP timer 205, the

Backofl timer 207, and the immediate response transmission

timer 211 operate 1n similar manners to those having the
same element names in the AP described above with refer-
ence to FIG. 2, and thus a further description thereof is
omitted.

The frame judger 203 i1s similar to the frame judger 103
shown 1n FIG. 2 in that the frame judger 203 judges types
of frames received by the wireless receiver 202 but 1is
different 1n that further different frame types are judged.
More specifically, in addition to the RIS frame, the CTS
frame, the CF-END {rame, and the Data frame which are
also judged by the frame judger 103 of the AP, a judgment
1s also performed as to the Probe Response frame, the
CF-END+Beacon frame transmitted from the AP after the
TXOP period expires, and the like.

The frame generator 204 generates a frame to be trans-
mitted to the AP depending on the frame type judged by the
frame judger 203. The type of the frame to be transmitted
may be the RTS frame, the CTS frame, the Data frame, or
the CF-END frame, or may be the Probe Request frame for
indicating a request for connection to an AP.

In a case where the frame type judged by the frame judger
203 1s the RTS frame, the frame generator 204 generates a
CTS frame. In a case where the start switch SWé6 1s closed
and, as a result, an STA 1s started from a non-active state, the
frame generator 204 starts the Backoll (CSMA/CA) timer
207 1n response to the starting of the STA. After the Backoil
(CSMA/CA) timer 207 expires, the frame generator 204
generates a Probe Request frame and transmits the generated
Probe Request frame from the wireless transmitter 201 via
the closed switch SW2.

In a case where the frame type 1s judged as a CF-END
frame by the frame judger 203, the frame generator 204
generates a CF-END frame. In a case where communication
data 1s acquired from an upper layer, the frame generator 204
generates a Data frame.

In a case where a Probe Request frame 1s transmitted, the
PrbReq timer 209 counts time. When a Probe Response
frame 1s received within a particular period, 1t 1s judged that
the scan operation of the STA 1s completed, and the scan 1s
ended. In a case where no Probe Response frame 1s received
within a first particular period, this fact 1s notified to the
TXOP expiration timer 210.

In a case where the PrbReqg timer 209 expires, that 1s, in
a case where no Probe Response frame 1s received within the
first particular period, the TXOP expiration timer 210 starts
to count time. In a case where a CF-END+Beacon frame 1s
received within a second particular period, the timer 210
judges that the STA scanning operation 1s complete and thus
the scan 1s ended. However, in a case where no CF-END+
Beacon frame 1s received within the particular period, the
timer 210 outputs, to the frame generator 204, an instruction
to generate a Probe Request frame. Before generating the
Probe Request frame, the wireless communication apparatus
may change a scan frequency (channel) to a next different
channel.

With the configuration described above, the PrbReq timer
209 counts the time elapsed since the transmission of the
Probe Request frame. After the TXOP expiration timer 210
indicates that the first particular period has elapsed since the
transmission of the Probe Request frame, if, within the
tollowing second particular period, the CF-END+Beacon
frame 1s not recerved, the Probe Request frame 1s generated
and retransmitted. By properly adjusting the first particular
pertod and the second particular period, it 1s possible to
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prevent the communication band from being compressed by
the multiple transmission of the Probe Request frame from
the non-PCP/AP STA. Note that the timeout of the TXOP

expiration timer 210 indicates that the TXOP period for the
AP has expired.

Specific Example of Communication Sequence
According to First Embodiment

An example of a configuration of an AP which 1s an
example of a PCP/AP and an example of a configuration of
an STA which 1s an example of a non-PCP/AP STA have
been descried above. Next, a specific example of a commu-
nication sequence between an AP and a plurality of STAs
according to the first embodiment of the present disclosure
1s described below.

FIG. 5 1s a sequence diagram for illustrating a specific
example of a communication sequence between an AP and
STA1 to STA3 according to the first embodiment. It 1s
assumed that this communication sequence is performed 1n
DMG. At a start of the communication sequence, the STA1
and the STA 3 are already connected to the AP. In the
example shown i FIG. 5, the AP communicates with the
STA1. In the middle of the communication between the AP
and the STA1, the STA2 1s activated, and the STA?2 starts
scanning. In FIG. 5, the communication between the AP and
the STA1 1s imtiated by the AP.

The AP, first, performs a backoil procedure (arbitration by
a coordination function) according to CSMA/CA to avoid a
collision between frames due to communication performed
substantially simultaneously among a plurality of wireless
communication apparatuses. After the backofl procedure 1s
ended, to start communication, the AP transmits, to the
STA1, an RTS (Request to Send) frame whose destination
address 1s set to the STA1. To increase reachability, the RTS
frame 1s transmitted using MCS (Modulation Coding
Scheme) for control such as Control-PHY or the like set at
a low rate (data communication rate).

When the STAI1 receives an RTS frame addressed to the
STA1, the STA1 responds to the RTS frame addressed to the
STA1 by using a CTS (Clear to Send) frame. When the AP
receives the CTS frame from the STA1, the AP acquires a
transmission opportunity TXOP (Transmission OPportu-
nity) over a particular period.

The receiving of the CTS frame from the STA1 makes the
AP recognize that the AP has acquired the transmission
opportunity over the particular period since the reception of
the CTS {frame, and the AP directs a transmission and
reception beams toward the STA1 such that better commu-
nication 1s allowed. Note that after the AP transmits the RTS
frame, the AP may direct the beam toward the STA1 before
the CTS 1s recerved such that the reception of the CTS frame
becomes surer.

The AP continues transmitting frames over the acquired
TXOP period. In the TXOP period acquired by the AP, the
STA1 transmits and receives data, and transmits an arrival
confirmation response by transmitting, as required, an ACK
(Acknowledge) frame or BA (Block Ack) frame. Note that
in the TXOP period acquired by the AP, the data transmis-
s10n opportunity may be temporarily transierred from the AP
to the STA1 using a RD (Reverse Direction) function or the
like, and the STA1 may perform transmission.

In a case where the TXOP period expires or in a case
where the TXOP 1s no longer necessary although the TXOP
period still remains (for example, when there 1s nothing
more to be transmitted), the AP transmits a CF-END frame
thereby declaring the release of the TXOP and notifying
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STA1 to STA3 existing around the AP of the release of
TXOP. The CF-END frame transmitted here 1s a CF-END+

Beacon frame added with a Beacon element including
information associated with the MAC address or the like of
the AP as described above.

On the other hand, in FIG. 5, the STA2 is started 1n the
middle of communication between the AP and the STA1 as
in the case of the sequence diagram shown 1n FIG. 1, and the
STA2 transmits a Probe Request frame generated 1n
response to the start. When the Probe Request frame 1s
transmitted, the AP and the STA1 are in the middle of
communication with each other, and thus the beam from the
AP 1s directed toward the STA1. Therefore, 1t 1s dithcult for
the AP to receive the PrbReq frame from the STA2 and
correctly demodulate the PrbReq frame. Therefore, the AP
does not respond.

In the commumnication sequence in DMG using the con-
ventional technique shown in FIG. 1, the STA2 performs,
many times, retransmission of the Probe Request frame. In
contrast, 1n the first embodiment according to the present
disclosure shown 1n FIG. 5, after the STA2 once transmits
the Probe Request frame 1n response to the start, the STA2
does not retransmit the Probe Request frame until a particu-
lar time (the first particular time described above+a second
particular time) has elapsed even 1 a case where no
response (a Probe Response frame) 1s received.

In the communication sequence shown in FIG. 5, the
STA2 recerves a CF-END+Beacon frame from the AP
betfore the particular time elapses. Thus the STA2 does not
retransmit the Probe Request frame because the STA2 has
already finished the scan operation. However, in a case
where a CF-END+Beacon frame 1s not received by the end
of the particular time, the STA2 again generates a Probe
Request frame and transmits it toward the AP. The STA2
may change the frequency (channel) to a frequency diflerent
from that at which the scan 1s performed, and the STA2 may
transmit the Probe Request frame at the changed frequency.

In the case of the communication sequence shown 1n FIG.
5, for a wireless terminal apparatus waiting for a Beacon
element to arrive from the AP, that 1s, for a wireless terminal
apparatus being 1 a connection waiting state such as the
STA2, recerving of the Beacon element added in the CF-
END frame makes it possible to finish the scan operation
carlier than the arrival of a Beacon frame which 1s not
transmitted frequently.

Specific Example of CF-END+Beacon Frame

In the first embodiment, as described above, an AP
transmits a CF-END+Beacon frame to nearby wireless com-
munication apparatuses in response to expiration of TXOP
as 1llustrated 1n the communication sequence 1n FIG. 5.

Preferably, the CF-END+Beacon frame may include
BSSID (Basic Service Set Identifier) which 1s an identifier of
a wireless LAN network and may also include SSID (Ser-
vice Set Idenftifier) which 1s an identifier of an AP of
PCP/AP. This makes 1t possible for an STA that wants to
make a connection to the AP to finish the scan operation by
using the CF-END+Beacon frame, which allows it to
increase the operation speed of the scanning.

A specific example of a CF-END+Beacon frame 1s
described below. More specifically, in the example described
below, the CF-END+Beacon frame 1s obtained by putting a
CF-END frame and a Beacon clement in one frame as
illustrated 1n FIG. 6A. FIG. 6A 1s a sequence diagram
illustrating an example of a sequence in which a CF-END+
Beacon frame including a CF-END frame and a Beacon
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clement 1s transmitted at an end of a TXOP period assigned
to an AP. By employing the format shown in FIG. 6A, 1t
becomes sutlicient for a wireless communication apparatus
(AP) to use one frame instead of using two separate frames,
which makes 1t possible to reduce an overhead such as an
interframe gap, and thus 1t becomes possible to mimimize the
reduction in eflective bandwidth.

However, the present disclosure 1s not limited to the
sequence shown 1 FIG. 6A. For example, as illustrated 1n
FIG. 6B, a CF-END frame and a frame including a Beacon
clement may be consecutively transmitted at a trailing end of
a TXOP period assigned to an AP. FIG. 6B 1s a sequence
diagram 1llustrating an example of a sequence in which a
CF-END frame and a frame including a Beacon element are
sequentially transmitted at an end of a TXOP period
assigned to an AP.

In a case where 1t 1s desirable to achieve a large (long)
reaching distance of a Beacon eclement to increase the
reachability of the Beacon element to a non-PCP/AP STA
predicted to be present around an AP, the AP may transmit

a plurality of CF-END+Beacon frames 1n various different
beam directions as illustrated in FIG. 6C. FIG. 6C 1s a
sequence diagram 1llustrating an example of a sequence 1n
which a plurality of CF-END+Beacon frames are transmit-
ted in different beam directions at an end of a TXOP period
assigned to an AP. FIG. 6D 1s a sequence diagram illustrating
an example of a sequence in which following a CF-END
frame, a plurality of frames each including a Beacon element
are transmitted 1n different beam directions at an end of a
TXOP period assigned to an AP.

In a case where an AP transmits a CF-END frame before
a TXOP period expires, the AP may transmit the CF-END
frame at an end of the TXOP period, and thereatter, the AP
may transmit a frame including a Beacon element, that 1s,
the AP may transmit the frame including the Beacon element
alter the TXOP period expires as illustrated in FIG. 7A. FIG.
7A 1s a sequence diagram 1llustrating an example of a
sequence 1n which a CF-END frame 1s transmitted at an end
of a TXOP period assigned to an AP and a frame including
a Beacon clement 1s transmitted after the TXOP period
expires. By employing this sequence when a TXOP period
does not have no more enough time to transmit a Beacon
clement, 1t 1s possible to transmit the Beacon element 1n a
minimum possible period.

Furthermore, in a case where a predetermined TXOP
period (for example, 32 milliseconds) expires, the AP does
not need to transmit a CF-END frame to provide a notifi-
cation that the TXOP period has expired. As shown 1n FIG.
7B, after the TXOP period expires, the AP may transmit a
frame 1ncluding a Beacon element. FIG. 7B 1s a sequence
diagram 1llustrating an example of a sequence in which a
frame including a Beacon element 1s transmitted after a
TXOP period assigned to an AP expires.

FIG. 7C 1s a sequence diagram 1llustrating an example of
a sequence 1 which after a CF-END frame 1s transmitted at
an end of a TXOP period assigned to an AP, a plurality of
frames each including a Beacon element are transmitted 1n
different beam directions after the TXOP period expires.
FIG. 7D 1s a sequence diagram 1llustrating an example of a
sequence 1n which 1n a case where TXOP assigned to an AP
expires, a plurality of frames each including a Beacon
clement are transmitted 1n different beam directions.

FIGS. 8A to 8D 1illustrate examples of sequences in each
of which part of a BRP (Beam Refinement Protocol) packet
for beamforming training 1s added as a trailer to a Beacon
clement.
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The BRP packet 1s a packet defined 1n IEEE802.11ad-
2012. A trailer added to a Beacon element 1s part of a BRP
packet and 1s, for example, AGC (Automatic Gain Control)
which a field associated with automatic gain control and
TRN-R/T which 1s a field associated with training. Note that
-R/T means -R or -T where R means reception (RX) and T

means transmission (1X). By adding a plurality of these
ficlds as trailers following a Beacon element, 1t 1s possible
to make transmission (sweeping) while changing the radio
wave direction, and thus 1t 1s possible to perform training of
beamforming at a time for many directions. Therefore, 1t 1s
possible to finish, 1n a shortest possible time, beamiorming,

training between an AP that transmits a Beacon element
added with trailers and a non-PCP/AP STA that receives this.

FIG. 8A 15 a sequence diagram illustrating an example of
a sequence in which a CF-END+Beacon frame including a
plurality of added trailer si1s transmitted at an end of a TXOP

period assigned to an AP. FIG. 8B i1s a sequence diagram

illustrating an example of a sequence in which after a
CF-END frame 1s transmitted at an end of a TXOP period
assigned to an AP, a frame including a Beacon eclement
added with a plurality of trailers 1s transmitted.

FIG. 8C 1s a sequence diagram illustrating an example of
a sequence 1n which after a CF-END frame 1s transmitted at
an end of a TXOP period assigned to an AP, a frame
including a Beacon element added with a plurality of trailer
s1s transmitted after the TXOP period expires. FIG. 8D 1s a
sequence diagram 1illustrating an example of a sequence 1n
which a frame including a Beacon element added with a
plurality of trailer sis transmitted after a TXOP period
assigned to an AP expires.

The wireless communication system according to the first
embodiment of the present disclosure has been described
above. As described above, this wireless communication
system 1ncludes a base station apparatus (PCP/AP) that
performs a wireless communication with a plurality of
wireless terminal apparatuses (non-PCP/AP STA) according,
to IEEE802.11 such that when a TXOP period for commu-
nication with one of the plurality of wireless terminal
apparatuses expires, a Beacon element including informa-
tion associated with the base station apparatus 1s added to a
CF-END {frame and the resultant CF-END frame 1s trans-
mitted to the plurality of wireless terminal apparatuses.

In this wireless communication system configured in the
above-described manner, for an STA (for example, the STA2
according to the first embodiment) which 1s a wireless
terminal apparatus waiting for a Beacon element to arrive
from an AP which 1s a base station apparatus, 1t 1s possible
to fimsh a scan operation 1 a relatively short time by
receiving a CF-END+Beacon frame transmitted when a
TXOP period assigned to the AP expires without waiting for
arrival of a Beacon frame that 1s transmaitted from the AP at
a low frequency of transmission. This makes 1t possible for
the STA waiting for a Beacon element to arnive from the AP
to reduce the number of operations of transmitting the Probe
Request frame, a response from the AP to which 1s not
assured. Thus 1t 1s possible to avoid a situation in which the
ellective bandwidth 1s reduced.

Furthermore, 1n the first embodiment of the present dis-
closure, a Beacon information element may be added to a
frame (CF_END) for a nofification of an end of TXOP
(hereinafiter, the resultant frame 1s referred to as a CF_END+
Beacon frame), and the resultant CF_END+Beacon frame
may be transmitted by an AP. This makes it suflicient to
transmit one irame instead of separately transmitting two
frames. Thus it becomes possible to reduce an overhead such
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as an interirame gap or the like, which makes 1t possible to
minimize the reduction i the effective bandwidth.

Second Embodiment

In the first embodiment described above, an AP 1s an
initiator of TXOP, that 1s, an 1nitiator of communication. A
second embodiment described below 1s similar to the first
embodiment 1n that communication 1s performed between

one AP as PCP/AP and three non-PCP/AP STAs STA1 to
STA3, but different 1n that the STA1 initiates TXOP.

FIG. 9 1s a sequence diagram for illustrating a specific
example of a communication sequence between an AP and
STA1 to STA3 according to a second embodiment. The
communication sequence shown i FIG. 9 1s a DMG com-
munication sequence. At a point of time when the commu-
nication sequence 1s started in FIG. 9, the STA1 and the STA
3 are already connected to the AP. In the communication
sequence shown 1n FIG. 9, the STA1 communicates with the
AP. In the middle of communication, the STA2 1s activated
and the STA2 starts scanning. In the communication

sequence shown 1 FIG. 9, the communication between the
STA1 and the AP 1s mitiated by the STAL.

First of all, according to CSMA/CA, the STA1 performs
a backofl procedure (arbitration by a coordination function)
to avoid a collision between frames which may occur when
a plurality of wireless communication apparatuses perform
communication substantially simultaneously. After the
backoll procedure 1s ended, to start communication 1illus-
trated 1n FI1G. 9, the STA1 transmits, to the AP, an RTS
(Request to Send) frame whose destination address 1s set to
the AP. To increase reachability, the RTS frame 1s transmuit-
ted using MCS (Modulation Coding Scheme) for control
such as Control-PHY or the like set at a low rate (data
communication rate). The AP waits for a frame to come from
an STA existing around the AP while setting the antenna of
the wireless recetver i an ommnidirectional or quasi-omni-
directional mode until an RTS frame 1s received from the
STA1 and a CTS (Clear To Send) frame 1s returned.

After the STAI1 recerves the CTS frame from the AP, the
STA1 acquires transmission opportunity TXOP over a par-
ticular period. The AP recognizes that the STA1 acquires the
transmission opportunity over the particular period atter the
CTS frame 1s transmitted to the STA1 {from the AP, and the
AP sets the direction of a transmission/reception beam
toward the STA1 to achieve better communication (to
improve the wireless environment).

The STA1 continues the frame transmission over the
acquired TXOP period. In the TXOP period acquired by the

STA1, the AP transmits and receives data, and transmits a

response for arrival confirmation by transmitting, as
required, an ACK (Acknowledge) frame or BA (Block Ack)

frame. Note that in the TXOP period acquired by the STAI,
the data transmission opportunity may be temporarily trans-
ferred from the STA1 to the AP using a RD (Reverse
Direction) function or the like, and the AP may perform
communication.

In a case where the TXOP period expires or 1n a case
where the TXOP 1s no longer necessary although the TXOP
period still remains (for example, when there 1s nothing
more to be transmitted), the STA1 transmits a CF-END
frame thereby declaring the release of the TXOP and noti-
tying the AP of this fact. When the AP recerves the CF-END
frame from the STA1, the AP transmits a CF-END+Beacon
frame added with a Beacon element including information
as to a MAC address or the like of the AP to provide a
notification of the release of the TXOP.
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That 1s, 1n the case where TXOP 1s mitiated by the STA1,
the CF-END frame for declaring the end of the TXOP by the

STA1 does not include a Beacon element. Instead, when the
AP recerves the CF-END frame from the STA1 thereaftter,
the AP transmuits, to the surroundings, the CF-END+Beacon
frame added with the Beacon element.

On the other hand, 1n the sequence diagram shown i FIG.
9, the STA2 1s started in the middle of communication
between the AP and the STA1 as 1n the case of the sequence
diagram shown in FIG. 1 or FIG. 3, and the STA2 transmuts
a Probe Request frame generated in response to the start.
However, the AP 1s in communication with the STA1 and the
beam 1s directed toward the STA1, and thus 1t 1s difhicult for
the AP to receive the PrbReq frame from the STA2 and
correctly demodulate the PrbReq frame. Therefore, the AP
does not respond to the STA2.

In the communication sequence in conventional DMG
shown 1n FIG. 1, the STA2 performs, many times, retrans-
mission ol the Probe Request frame. In contrast, in the
second embodiment according to the present disclosure
shown 1n FIG. 9, as in the case of the communication
sequence shown 1n FIG. 5, after the STA2 once transmits the
Probe Request frame 1n response to the start, the STA2 does
not retransmit the Probe Request frame until a particular
time (the first particular time described above+a second
particular time) has elapsed even in a case where no
response (a Probe Response frame) 1s received.

In the communication sequence shown i FIG. 9, the
STA2 recerves a CF-END+Beacon frame from the AP
betfore the particular time elapses. Thus the STA2 does not
retransmit the Probe Request frame because the STA2 has
already finished the scan operation. However, in a case
where a CF-END+Beacon frame 1s not received by the end
of the particular time, the STA2 again generates a Probe
Request frame and transmits 1t toward the AP.

In the case of the communication sequence shown 1n FIG.
9, for a wireless terminal apparatus waiting for a Beacon
element to arrive from the AP, that 1s, for a wireless terminal
apparatus being in a connection waiting state such as the
STA2, recerving of the Beacon element added in the CF-
END frame makes it possible to finish the scan operation
carlier than the arrival of a Beacon frame which 1s not
transmitted frequently.

Specific Example of CF-END+Beacon Frame

In the second embodiment, as described above, an AP
transmits a CF-END+Beacon frame to nearby wireless com-
munication apparatuses 1n response to receiving a CF-END
frame from STA1l as illustrated in the communication
sequence 1n FI1G. 9.

Preferably, as in the first embodiment, the CF-END+
Beacon frame may include BSSID (Basic Service Set Iden-
tifier) which 1s an identifier of a wireless LAN network and
may also mnclude SSID (Service Set Identifier) which 1s an
identifier of an AP of PCP/AP. This makes it possible for an
STA that wants to make a connection to the AP to finish the
scan operation by using the CF-END+Beacon frame, which
allows 1t to 1ncrease the operation speed of the scanning.,

A specific example of a CF-END+Beacon frame accord-
ing to the second embodiment i1s described below. In the
second embodiment, 1n response to receiving the CF-END
frame from the STA1l, the AP transmits the CF-END+
Beacon frame. Thus, 1n the following description, a specific
example 1s shown as to a CF-END+Beacon frame in the
sequence after the CF-END frame 1s transmitted from the

STA1 toward the AP.
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FIG. 10A 1s a sequence diagram 1llustrating an example of
a sequence 1n which 1n response to a CF-END frame from
STA1, an AP transmits a CF-END+Beacon frame including
a CF-END frame and a Beacon element at an end of a TXOP
period. By employing this scheme, 1t becomes suflicient for
a wireless communication apparatus to transmit a one fame
instead of separately transmitting two frames, which makes
it possible to reduce an overhead such as an interirame gap,
and thus 1t becomes possible to minimize the reduction 1n
cllective bandwidth. In FIG. 10A, the operation of the AP 1s
shown 1n an area above a line, while the operation of the
STA1 1s shown 1n an area below the line. This expression
style 1s also employed in FIGS. 10B, 10C, . . ., FIGS. 12D,
12E, which will be described later.

Furthermore, for example, as shown in FIG. 10B, 1n
response to a CF-END frame from the STA1, the AP may
sequentially transmit a CF-END frame and a frame 1nclud-

ing a Beacon element at an end of a TXOP period. FIG. 10B

1s a sequence diagram illustrating an example of a sequence
in which 1n response to a CF-END frame from STA1, an AP

sequentially transmits a CF-END frame and a frame 1nclud-
ing a Beacon element at an end of a TXOP period.

In a case where it 1s desirable to achieve a large (long)
reaching distance of a Beacon element to increase the
reachability of the Beacon element to a non-PCP/AP STA
predicted to be present around the AP, the AP may transmit
a plurality of CF-END+Beacon frames 1n various ditfierent
beam directions 1n response to recerving the CF-END frame

from the STA1 as 1llustrated 1n FIG. 10C. In FIG. 10C, at an

end of a TXOP period assigned to the STA1, 1n response to
receiving a CF-END frame from the STA1, the AP transmits
a plurality of CF-END+Beacon frames in diflerent beam
directions. In FI1G. 10D, at an end of a TXOP period assigned
to the STA1, 1n response to receiving a CF-END frame from

the STA1, the AP transmits a CF-END frame and subse-

quently transmits a plurality of frames each including a
Beacon element 1n difterent beam directions.
In a case where an AP transmits a CF-END frame before

a TXOP period expires, after the AP receives the CF-END
frame from STA1, the AP may transmit the CF-END 1

frame
at an end of the TXOP period and may transmit a frame
including a Beacon element after the TXOP period expires
as illustrated i FIG. 11A. FIG. 11A 1s a sequence diagram
illustrating an example of a sequence 1 which in response
to a CF-END frame transmitted from the STA1, the AP
transmits a CF-END frame at an end of a TXOP period and
turther transmits a frame including a Beacon element after
the TXOP period expires. By employing this sequence 1n a
situation 1n which the TXOP period does not have no more
enough time to transmit a Beacon element, it 1s possible to
transmit the Beacon element 1n a minimum possible period.

Furthermore, 1n a case where a predetermined TXOP
period (for example, 32 milliseconds) expires, the AP does
not need to transmit a CF-END frame to provide a notifi-
cation that the TXOP period has expired. In FIG. 11B, by
receiving a CF-END frame from STA1, an AP recognizes
that a TXOP period assigned to the STA1 has expired, and
the AP transmits a frame including a Beacon eclement,

without transmitting a CF-END frame, after the expiration
of the TXOP period.

In FIG. 11C, 1n a case where a predetermined TXOP
period expires, 1f an AP acquires in advance information as
to the TXOP period assigned to STA1, it may be allowed to
omit both the transmission of the CF-END frame from the
STA1 to the AP and the transmission of the CF-END frame
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from the AP to the surroundings, and, mstead, a frame
including a Beacon element may be transmitted after the
TXOP period expires.

In FIG. 11D, 1n response to a CF-END frame transmitted
from STA1, an AP transmits a CF-END frame at an end of
a TXOP period and further transmits a plurality of frames
cach 1ncluding a Beacon element in different beam direc-
tions after the TXOP period expires.

In FIG. 11E, by recerving a CF-END frame from STAI,
an AP recognizes that a TXOP period has expired, and the
AP transmits a plurality of frames each including a Beacon
clement 1n different beam directions after the expiration of
the TXOP period. In FIG. 11F, after a TXOP period assigned
to STA1 expires, an AP transmits a plurality of frames each
including a Beacon element 1n different beam directions.

A sequence diagram shown in each of FIGS. 12A to 12
illustrates an example 1 which part of a BRP (Beam
Refinement Protocol) packet for beamiforming training is
added as a trailer to a Beacon element. The part of the BRP
packet added to the Beacon element i1s similar to that
according to the first embodiment described above, and thus
a Turther description thereof 1s omitted.

In FIG. 12A, 1 response to recerving a CF-END frame
from STA1, an AP transmits a CF-END+Beacon frame
added with a plurality of trailers. In FIG. 12B, at an end of
a TXOP period assigned to STA1L, in response to receiving
a CF-END frame from the STA1, an AP transmits a CF-END
frame and then transmits a frame including a Beacon ele-
ment added with a plurality of trailers.

In FIG. 12C, 1n response to a CF-END frame transmitted
from STA1, an AP transmits a CF-END frame at an end of
a TXOP period and further transmits a frame i1ncluding a
Beacon clement added with a plurality of trailers after the
TXOP period expires. In FIG. 12D, by receiving a CF-END
frame from STA1, an AP recognizes that a TXOP period has
expired, and the AP transmits a frame including a Beacon
clement added with a plurality of trailers after the expiration
of the TXOP period. In FIG. 12E, after a TXOP period
assigned to STA1 expires, an AP transmits a frame including
a Beacon element added with a plurality of trailers.

The wireless communication system according to the
second embodiment of the present disclosure has been
described above. As described above, the wireless commu-
nication system includes the base station apparatus (PCP/
AP) that performs a wireless commumnication with a plurality
of wireless terminal apparatuses (non-PCP/AP STAs)
according to IEEE802.11 such that when a TXOP period 1s
acquired by one of the plurality of wireless terminal appa-
ratuses, 1f a CF-END frame 1s received from this wireless
terminal apparatus at an end of the TXOP period, the base
station apparatus transmits a CF-END frame added with a
Beacon element including information associated with the
base station apparatus to the plurality of wireless terminal
apparatuses.

In this wireless communication system configured 1n the
above-described manner, also 1n a case where communica-
tion 1s mitiated (TXOP 1s acquired) by STA1, which 1s a
wireless terminal apparatus, for an STA (for example, the
STA2 according to the first embodiment) which 1s a wireless
terminal apparatus waiting for a Beacon element to arrive
from an AP, it 1s possible to fimsh a scan operation by
receiving a CF-END+Beacon frame transmitted when a
TXOP period assigned to the AP expires in a relatively
shorter time than in the case 1n which the scan operation
waits for arrival of a Beacon frame that is transmitted from
the AP at a low frequency of transmission. This makes it
possible for the STA waiting for a Beacon element to arrive
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from the AP to reduce the number of operations of trans-
mitting the Probe Request frame, a response from the AP to

which 1s not assured. Thus 1t 1s possible to avoid a situation
in which the effective bandwidth 1s reduced.

Third Embodiment

In the first and second embodiments described above, 1n
a situation 1n which an AP exists as a PCP/AP and STAI1 to

STA3 exist as non-PCP/AP STAs, the AP or the STA1
acquires TXOP, and the STA2 i1s activated in the middle of
communication between the STA1 and the AP, and the STA2
starts scanning. To complete the scanning, the STA2 waits
for a CF_END+Beacon frame to come from the AP.

In this waiting operation, the STA2 judges whether a
medium 1s clear (silent) at a point of time when the STA2 1s
started. In a case where a result of the judgment 1ndicates
that the medium 1s clear, there can be following three
possible states. A first state 1s a state 1n which an AP has no
data to be transmitted, and the AP 1s waiting for a signal to
come. A second state 1s a state 1n which an AP directs a beam
toward an STA to communicate with the STA. A third state
1s a state 1n which no AP exists 1n a transmission area.

In a case where the medium 1s clear because the AP 1s the
first state, no signal 1s transmitted from the AP, and thus 1t
1s diflicult for the STA2 to have an opportunity to acquire
Beacon information associated with the AP. To handle such
a situation, 1n the third embodiment, the STA2 transmits a
Probe Request frame to the AP once after the STA2 is
started.

In the case where the first state 1s the reason for which the
medium 1s clear, that 1s, in the case where the AP 1s 1n the
waiting state, the AP transmits a Probe Response frame to
the STA2. This makes it possible for the STA2 to complete
the scan operation.

In a case where the second state 1s the reason for which
the medium 1s clear, that 1s, 1n a case where the AP 1s 1n
communication with another STA or the like, the AP does
not respond to the Probe Request frame. Note that the STA2
can recognize that the reason why no response 1s received 1s
because the AP 1s in communication with another wireless
communication apparatus, and thus the STA2 expects that 1f
the STA2 waits 1n a waiting state, a CF-END+Beacon frame
will be transmitted from the AP when the AP ends the
communication with the wireless communication apparatus
(when the TXOP period expires).

In a case where the third state 1s the reason for which the
medium 1s clear, that 1s, 1n the case where no AP exists 1n the
transmission area, the Probe Request frame 1s retransmitted,
or an operation similar to that performed when the STA2 1s
started 1s performed at a next frequency.

Thus, it 1s possible to suppress the time needed for the
scan to a minimum level, which can minimize the reduction
in the eflective bandwidth caused by the retransmission of
the Probe Request frame by the STA2.

Note that the transmission of the Probe Request frame by
the STA2 1s performed, as with other frames, after finishing
the arbitration by the Coordination function (so-called the
Backofl procedure) according to CSMA/CA. There 1s a
possibility that a TXOP period assigned to the AP expires
and a Beacon element 1s received in the middle of the
process of monitoring the medium by the Backofl procedure.
That 1s, there 1s a possibility that a Beacon element 1is
received even 1n a state in which the medium 1s not clear.

FIG. 13 a flow chart 1llustrating an example of an opera-
tion of the STA2 according to the third embodiment. Note
that although 1n the third embodiment, the operation of the
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STA2 which 1s a wireless terminal apparatus 1s described,
the operation of AP that communicates with the STA2 1s
similar to the operation described above 1n the first embodi-
ment or similar to the operation of the AP described above
as an example ol the operation of the base station apparatus
in the second embodiment.

In step S1, the STA 2 judges whether a medium 1s clear.
In a case where 1t 1s judged that the medium 1s clear, the
processing tlow proceeds to step S2, but otherwise the
processing flow proceeds to step S3.

In a case where it 1s judged 1n step S1 that the medium 1s
clear, the STA2 transmits, once in step S2, a Probe Request
frame. In step S3, the STA2 starts a timer to counts the time
clapsed since the transmission of the Probe Request frame.

On the other hand, 1n a case where 1t 1s not judged that the
medium 1s clear, then 1 step S4, 1t 1s judged whether a
Beacon element has been recerved from the AP. In a case
where the Beacon element has been received, the processing,
flow proceeds to step S9, but otherwise the processing tlow
returns to step S1.

In step S5, the STA2 judges whether a response (a Probe
Response frame) has been received from the AP. In a case
where the response has been received (ﬁrst state 1n which the
AP 1s 1n the waiting state) the processing tlow proceeds to
step S9, but otherwise the processing flow proceeds to step
S6.

In step S6, the STA 2 judges whether the timer which 1s
started 1n step S3 has expired. This timer corresponds to the
PrbReq timer 209 described above with reference to FI1G. 4.
The timeout value for the timer, that 1s, the first particular
period may be set, for example, 1n advance to a suflicient
value that allows the Probe Request frame transmitted in
step S2 to arrive at the AP and allows the Response frame
to be transmitted from the AP and this Response frame to
arrive at the STA2. In a case where 1n step S6 the timer has
not yet expired, the processing tlow returns to step S5 every
predetermined time period shorter than, for example, the
first particular period, and the judgment 1s performed repeat-
edly as to whether a response from the AP has been received.

On the other hand, 1n a case where 1t 1s judged 1n step S6
that the timer has expired, that 1s, 1n a case where a response
to the Probe Request frame transmitted 1n step S2 i1s not
received within a period until the timer has expired, the
processing flow proceeds to step S7. In a case where a
response to the Probe Request frame 1s not received, 1t 1s
assumed that the reason for no response i1s because the AP
1s 1n “the second state in which the AP 1s 1n the middle of
communication with another wireless communication appa-
ratus”. As a result, 1n step S7, the STA2 directly goes to a
reception waiting state 1 which the STA2 waits for the
TXOP period assigned to the AP to expire.

When the TXOP period assigned to the AP expires, a
CF-END+Beacon frame 1s transmitted from the AP, and
thus, 1 step S8, the STA2 receives this CF-END+Beacon
frame.

In a case where a Beacon element 1s received in step S4,
or 1n a case where a response from the AP 1s received 1n step
S5, or 1n a case where a CF-END+Beacon frame 1s received
from the AP 1n step S8, the STA2 finishes the scan operation.

In a modification of the operation of the STA2 according

to the third embodiment shown 1n FIG. 13, the STA2 may
further include a timer that counts time until the TXOP

period assigned to the AP expires. FIG. 14 1s a flow chart

illustrating an example of a modification of an operation of
STA2 according to the third embodiment. In FIG. 14, the
operation of the STA2 1n steps from S1 to S6 and 1n step S9
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1s similar as described above, and thus a description thereof
1s omitted, and steps from S11 to S13, which are different,
are described below.

In a case where 1t 1s judged 1n step S6 that a particular time
has elapsed since the transmission of the Probe Request
frame (the PrbReq timer 209 has expired), then, 1n step S11,
the STA2 restarts a timer. This timer corresponding to the

TXOP expiration timer 210 described above with reference
to FIG. 4.

In step S12, the STA 2 judges whether a CF-END+Beacon
frame has been received from the AP. In a case where the
reception has been achieved, the processing tlow proceeds to
step S9, but otherwise the processing flow proceeds to step
S13.

In step S13 a judgment 1s performed as to whether the
timer started in step S11 has expired. The timeout value of
the timer, that 1s, the second particular period, may be set in
advance to a predicted period at an end of which the TXOP
assigned to the AP will expire. For example, the second
particular period may be set to a few ms or a maximum
TXOP period, that 1s, 32 ms. In a case where the timer has
expired 1n step S13 (third state in which no AP exists in the
transmission area), the processing flow returns to step S1. In
a case where the timer has not yet expired, the processing
flow returns to step S12, for example, every particular time
shorter than the second particular period to repeatedly
perform the judgment as to whether a CF-END+Beacon
frame has been received. Note that the STA may perform, at
a next frequency, a process similar to that performed after
the STA 1s started.

According to the third embodiment of the present disclo-
sure, as described above, the wireless communication sys-
tem 1includes the base station apparatus (PCP/AP) and at
least one wireless terminal apparatus that performs wireless
communication according to IEEES02.11, wherein the base
station apparatus (PCP/AP) operates such that when a TXOP
period assigned to communication with one of a plurality of
wireless terminal apparatuses (non-PCP/AP STA) expires, a
Beacon element including information associated with the
base station apparatus 1s added to a CF-END frame and the
resultant CF-END {frame 1s transmitted to the plurality of
wireless terminal apparatuses, and wherein the at least one
wireless terminal apparatus operates such that the judgment
1s performed as to whether medium 1s clear, and if 1t 1s
judged that the medium 1s clear, then a Probe Request frame
1s transmitted to the base station apparatus and the first timer
1s started, and 1f a response to the Probe Request frame 1s not
received from the base station apparatus by the time at which
the first timer expires, then the at least one wireless terminal
apparatus waits until the TXOP period assigned to the base
station apparatus expires and a CF-END frame added with
a Beacon element including information associated with the
base station apparatus 1s transmitted.

By employing the configuration described above, regard-
less of whether the medium 1s clear because an AP, which 1s
an example of the base station apparatus, 1s 1n a waiting state
or because the AP 1s in the middle of communication with
another STA which 1s an example of the wireless terminal
apparatus, an STA which 1s waiting for a Beacon clement
from the AP to come 1s capable of receiving a frame
including a Beacon element from the AP by once transmiut-
ting a Probe Request frame. This makes 1t possible to
prevent the effective bandwidth from being reduced by
multiple transmission of the Probe Request frame from the
STA.

DMG wireless communication systems according to the
first to third embodiments have been described above.
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However, the present disclosure 1s not limited to DMG
wireless communication systems. Also 1n a non-DMG wire-

less communication system, for example, 1n a case where a
beam 1s directed 1n a particular direction during a TXOP
period as with MIMO (Mult1 Input Multi Output) or the like,
the present disclosure may be applied to achieve eflects
similar to those achieved in the embodiments described
above.

SUMMARY OF THE PRESENT DISCLOSUR.

(Ll

According to an aspect, the present disclosure provides a
base station apparatus that performs a wireless communica-
tion with a plurality of wireless terminal apparatuses accord-
ing to IEEE802.11, including a frame generator that gener-
ates one or more first frames, each first frame including
information indicating that a TXOP period assigned for
communication with one of the plurality of wireless terminal
apparatuses has expired and an additionally added Beacon
clement including information associated with the base
station apparatus, and a transmitter that transmits the gen-
crated one or more first frames to the plurality of wireless
terminal apparatuses.

In the base station apparatus in this aspect, the frame
generator may generate a second frame by synthesizing the
information indicating the expiration of the TXOP period
and the Beacon element, and the transmitter may transmuit
the second frame at an end of the TXOP period.

In the base station apparatus in this aspect, the frame
generator may generate a first CF-END frame from infor-
mation indicating that the TXOP period has expired and may
generate a first Beacon element frame from the Beacon
clement, and the transmitter may transmuit the first CF-END
frame and subsequently transmits the first Beacon element
frame at an end of the TXOP period.

In the base station apparatus in this aspect, the frame
generator may generate a plurality of third frames, each
being generated by synthesizing the Beacon element and
information indicating that the TXOP period corresponding
to one of the directions of the plurality of transmission
beams has expired, and the transmitter may sequentially
transmit the plurality of synthesized third frames at an end
of the TXOP period.

In the base station apparatus in this aspect, the frame
generator may generate a first CF-END frame from infor-
mation indicating that the TXOP period has expired, and
may generate, from the Beacon element, a plurality of
second Beacon element frames corresponding to a plurality
of transmission beam directions, and the transmitter may
transmit, after the CF-END frame 1s transmitted, the plural-
ity of second Beacon element frames at an end of the TXOP
period.

In the base station apparatus in this aspect, the frame
generator may generate a first CF-END frame from infor-
mation indicating that the TXOP period has expired and may
generate a first Beacon element frame from the Beacon
clement, and the transmitter may transmit the first CF-END
frame at an end of the TXOP period and transmits the first
Beacon element frame after the TXOP period expires.

In the base station apparatus in this aspect, the frame
generator may generate, from the Beacon element, a first

Beacon element frame, and the transmitter may transmit,
alter the expiration of the TXOP period, the first Beacon
clement frame.

In the base station apparatus in this aspect, the frame
generator may generate a first CF-END frame from infor-
mation indicating that the TXOP period has expired, and
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may generate, from the Beacon element, a plurality of
second Beacon element frames corresponding to a plurality
of transmission beam directions, and the transmitter may
transmit the first CF-END {frame at an end of the TXOP
period, and may transmit, aiter the expiration of the TXOP
period, the plurality of second Beacon element frames in
sequence.

In the base station apparatus 1n this aspect, the frame
generator may generate, from the Beacon element, a plural-
ity of second Beacon element frame corresponding to a
plurality of transmission beam directions, and the transmit-
ter may transmit, after the expiration of the TXOP period,
the plurality of second Beacon element frames 1in sequence.

In the base station apparatus in this aspect, the frame
generator may generate a fourth frame by synthesizing
information indicating that the TXOP period has expired, the
Beacon element, and a plurality of fields used in beamform-
ing training for the plurality of wireless terminal appara-
tuses, and may transmit the synthesized fourth frame at an
end of the TXOP period.

In the base station apparatus 1n this aspect, the frame
generator may generate a first CF-END frame from infor-
mation indicating that the TXOP period has expired and
generates a fifth frame by synthesizing the Beacon element
and a plurality of fields used 1n beamforming training for the
plurality of wireless terminal apparatuses, and the transmit-
ter may transmit, after the first CF-END frame 1s transmit-
ted, the fifth frame at an end of the TXOP period.

In the base station apparatus 1n this aspect, the frame
generator may generate a first CF-END frame from infor-
mation indicating that the TXOP period has expired and
generates a {ifth frame by synthesizing the Beacon element
and a plurality of fields used 1n beamiorming training for the
plurality of wireless terminal apparatuses, and the transmuit-
ter may transmit the first CF-END frame at an end of the
TXOP period and may transmit the fifth frame after the
TXOP period expires.

In the base station apparatus 1n this aspect, the frame
generator may generate a {ifth frame by synthesizing the
Beacon element and a plurality of fields used 1in beamform-
ing training for the plurality of wireless terminal appara-
tuses, and the transmitter may transmit the fifth frame after
the TXOP period expires.

The base station apparatus in this aspect may include a
receiver that receives a third CF-END frame which 1s
information ndicating expiration of the TXOP period from
one ol the plurality of wireless terminal apparatuses that
acquired TXOP, wherein after the third CF-END frame 1s
received, the transmitter may transmit one or more generated
first frames to the plurality of wireless terminal apparatuses.

According to an aspect, the present disclosure provides a
wireless terminal apparatus that perform wireless commu-
nication according to IEEES02.11 with a base station appa-
ratus, including a judger that judges whether a medium 1s
clear, a frame generator that generates a Probe Request
frame to be transmitted to the base station apparatus, a
transmitter that transmits the Probe Request frame 1n a case
where the judgment indicates that the medium 1s clear, and
a first timer that counts a first predetermined time since the
transmission of the Probe Request frame wherein the trans-
mitter waits without transmitting a next frame until one or
more first frames 1s transmitted at an end of a TXOP period
assigned to the base station apparatus, each first frame being
added with a Beacon element including information asso-
ciated with the base station apparatus and information
indicating that the TXOP period has expired, in a case where
a response to the Probe Request frame 1s not received from
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the base station apparatus by a time when the first timer
finishes the counting of the first predetermined time.

The wireless terminal apparatus 1n this aspect may include
a second timer that counts a second predetermined time 1n a
case where a response to the Probe Request frame 1s not
received from the base station apparatus by a time when the
first timer expires, wherein the transmitter may retransmits
the Probe Request frame, 1n a case where one or more first
frames are not receirved from the base station apparatus by
a time when the second timer finishes the counting of the
second predetermined time.

In the wireless terminal apparatus in this aspect, the
transmitter may changes a transmission frequency and
retransmits the Probe Request frame to the base station
apparatus, 1n a case where the transmitter hast not received
a response to the Probe Request frame from the base station
apparatus by a time when the first timer expires.

According to an aspect, the present disclosure provides a
wireless communication method 1n a wireless communica-
tion system including a plurality of wireless communication
apparatuses and a base station apparatus that performs a
wireless communication with the plurality of wireless ter-
minal apparatuses according to IEEE802.11, the wireless
communication method including performing processes per-
formed by the base station apparatus, the processes includ-
ing generating one or more first frames each of which
includes information indicating that a TXOP period assigned
for communication with one of the plurality of wireless
terminal apparatuses has expired and including an addition-
ally added Beacon element including information associated
with the base station apparatus, and transmitting the gener-
ated one or more {first frames to the plurality of wireless
terminal apparatuses.

The wireless communication method in this aspect may
include performing processes performed by at least one of
the wireless terminal apparatuses, the processes including,
judging whether a medium 1s clear, 1n a case where the
judgment indicates that the medium 1s clear, transmitting a
Probe Request frame to the base station apparatus, starting
a first timer to count a first predetermined time since the
transmission of the Probe Request frame, and 1n a case
where a response to the Probe Request frame 1s not received
from the base station apparatus by a time when the first timer
finishes the counting of the first predetermined time, waiting
without transmitting a next frame until the one or more first
frame 1s transmitted.

The present disclosure 1s applicable to a base station
apparatus, a wireless terminal apparatus, and a wireless
communication method, for performing wireless communi-
cation according to IEEE802.11.

What 1s claimed 1s:

1. A base station apparatus that performs a wireless
communication with a plurality of wireless terminal appa-
ratuses according to Institute of Electrical and Electronics
Engineers (IEEE) 802.11, comprising:

frame generation circuitry that generates one or more first

Contention Free-End (CF-END) frames, each first CF-
END frame including end information 1ndlcat1ng that a
Transmission OPportunity (TXOP) period assigned for
communication with one of the plurality of wireless
terminal apparatuses has expired and a Beacon element
including identifier information associated with the
base station apparatus, each of the one or more first
CF-END frames being for use by another one of the
plurality of wireless terminal apparatuses to start scan
procedure, and
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transmission circuitry that transmits the generated one or
more first CF-END frames to the plurality of wireless
terminal apparatuses by using a plurality of different
transmission beams.
2. The base station apparatus according to claim 1,
wherein
the frame generation circuitry generates a second frame
by synthesizing the end information indicating the
expiration of the TXOP period and the Beacon element;
and
the transmission circuitry transmits the second frame at an
end of the TXOP period.
3. The base station apparatus according to claim 1,
wherein
the frame generation circuitry generates a CF-END frame
of the one or more first CF-END frames from the end
information indicating that the TXOP period has
expired and generates a first Beacon element frame
from the Beacon element, and
the transmission circuitry transmits the first CF-END
frame and subsequently transmits the first Beacon
clement frame at an end of the TXOP period.
4. The base station apparatus according to claim 1,
wherein
the frame generation circuitry generates a plurality of
third frames, each being generated by synthesizing the
Beacon element and end information indicating that the
TXOP period corresponding to one of a plurality of
transmission beams has expired; and
the transmission circuitry sequentially transmits the plu-
rality of synthesized third frames at an end of the TXOP
period.
5. The base station apparatus according to claim 1,
wherein:
the frame generation circuitry
generates a first CF-END frame of the one or more {irst
CF-END frames from the end information indicating,
that the TXOP period has expired, and
generates, from the Beacon element, a plurality of
second Beacon element frames corresponding to a
plurality of transmission beam directions, and
the transmission circuitry transmits, after the first CF-
END {frame 1s transmitted, the plurality of second
Beacon element frames at an end of the TXOP period.
6. The base station apparatus according to claim 1,
wherein
the frame generation circuitry generates a first CF-END
frame of the one or more first CF-END frames from the
end 1information indicating that the TXOP period has
expired and generates a first Beacon element frame
from the Beacon element, and
the transmission circuitry transmits the first CF-END
frame at an end of the TXOP period and transmits the
first Beacon element frame after the TXOP period
expires.
7. The base station apparatus according to claim 1,
wherein
the frame generation circuitry generates, from the Beacon
element, a first Beacon element frame, and
the transmission circuitry transmits, after the expiration of
the TXOP period, the first Beacon element {frame.
8. The base station apparatus according to claim 1,
wherein
the frame generation circuitry
generates a first CF-END frame of the one or more {irst
CF-END frames from the end information indicating,

that the TXOP period has expired, and
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generates, from the Beacon element, a plurality of
second Beacon element frames corresponding to a
plurality of transmission beam directions, and

the transmission circuitry
transmits the first CF-END frame at an end of the
TXOP period, and
transmits, after the expiration of the TXOP period, the
plurality of second Beacon element frames i1n
sequence.

9. The base station apparatus according to claim 1,
wherein

the frame generation circuitry generates, from the Beacon

clement, a plurality of second Beacon element frame
corresponding to a plurality of transmission beam
directions, and

the transmission circuitry transmits, after the expiration of

the TXOP period, the plurality of second Beacon ele-
ment frames 1n sequence.

10. The base station apparatus according to claim 1,
wherein the frame generation circuitry

generates a fourth frame by synthesizing information

indicating that the TXOP period has expired, the Bea-
con element, and a plurality of fields used 1n beam-
forming training for the plurality of wireless terminal
apparatuses, and

transmits the synthesized fourth frame at an end of the

TXOP pernod.

11. The base station apparatus according to claim 1,
wherein

the frame generation circuitry generates a first CF-END

frame of the one or more first CF-END frames from the
end mformation indicating that the TXOP period has
expired and generates a fifth frame by synthesizing the
Beacon element and a plurality of fields used 1n beam-
forming training for the plurality of wireless terminal
apparatuses, and

the transmission circuitry transmits, after the first CF-
END frame 1s transmitted, the fifth frame at an end of

the TXOP period.

12. The base station apparatus according to claim 1,
wherein

the frame generation circuitry generates a first CF-END

frame of the one or more first CF-END frames from the
end mformation indicating that the TXOP period has
expired and generates a fifth frame by synthesizing the
Beacon element and a plurality of fields used in beam-
forming training for the plurality of wireless terminal
apparatuses, and

the transmission circuitry transmits the first CF-END

frame at an end of the TXOP period and transmits the
fifth frame after the TXOP period expires.

13. The base station apparatus according to claim 1,
wherein

the frame generation circuitry generates a fifth frame by

synthesizing the Beacon element and a plurality of
fields used 1n beamforming training for the plurality of
wireless terminal apparatuses, and

the transmission circuitry transmits the fifth frame after

the TXOP period expires.

14. The base station apparatus according to claim 1,
comprising a recerver that receives a third Contention Free-
End (CF-END) frame which 1s mnformation indicating expi-
ration of the TXOP period from one of the plurality of
wireless terminal apparatuses that acquired TXOP,
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wherein after the third CF-END {rame 1s received, the
transmission circuitry transmits one or more generated
first frames to the plurality of wireless terminal appa-
ratuses.

15. A wireless terminal apparatus that performs wireless
communication according to Institute of Flectrical and Elec-
tronics Engineers (IEEE) 802.11 with a base station appa-
ratus, comprising:

a judgement circuitry that judges whether a medium 1s

clear:

a Irame generation circuitry that generates a Probe
Request {frame to be transmitted to the base station
apparatus;

a transmission circuitry that transmits the Probe Request
frame 1n a case where the judgment indicates that the
medium 1s clear; and

a first timer circuitry that counts a first predetermined time
since the transmission of the Probe Request frame,

wherein the transmission circuitry, in a case where a
response to the Probe Request frame i1s not recerved
from the base station apparatus by a time when the first
timer finishes the counting of the first predetermined
time, waits without transmitting a next frame until one
or more first Contention Free-End (CF-END) frames
are transmitted at an end of a Transmission OPportunity
(TXOP) period assigned to the base station apparatus,
cach first CF-END frame including a Beacon element
including 1dentifier information associated with the
base station apparatus and end information indicating
that the TXOP period has expired, each first CF-END
frame being for use by another one of a plurality of
wireless terminal apparatuses to start scan procedure,
the one or more first CF-END frames being transmitted
to the plurality of wireless terminal apparatuses by
using a plurality of different transmission beams.

16. The wireless terminal apparatus according to claim
15, comprising a second timer that counts a second prede-
termined time 1n a case where a response to the Probe
Request frame 1s not received from the base station appa-
ratus by a time when the first timer expires,

wherein the transmission circuitry retransmits the Probe
Request frame, in a case where the one or more first
CF-END frames are not received from the base station
apparatus by a time when the second timer finishes the
counting of the second predetermined time.

17. The wireless terminal apparatus according to claim
15, wherein the transmission circuitry changes a transmis-
sion frequency and retransmits the Probe Request frame to
the base station apparatus, 1n a case where the transmission
circuitry hast not received a response to the Probe Request
frame from the base station apparatus by a time when the
first timer expires.

18. A wireless communication method in a wireless
communication system including a plurality of wireless
communication apparatuses and a base station apparatus that
performs a wireless communication with the plurality of
wireless terminal apparatuses according to Institute of Elec-
trical and Electronics Engineers (IEEE802.11), the wireless
communication method comprising performing processes
performed by the base station apparatus, the processes
comprising;

generating one or more first Contention Free-End (CF-
END) frames, each first CF-END frame including end
information indicating that a Transmission OPportunity
(TXOP) period assigned for communication with one
of the plurality of wireless terminal apparatuses has
expired and including a Beacon element including
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identifier information associated with the base station
apparatus, each of the one or more first CF-END frames
being for use by another one of the plurality of wireless
terminal apparatuses to start scan procedure; and
transmitting the generated one or more first CF-END
frames to the plurality of wireless terminal apparatuses
by using a plurality of diflerent transmission beams.
19. The wireless communication method according to
claim 18, comprising performing processes performed by at
least one of the plurality of wireless terminal apparatuses,
the processes comprising:
judging whether a medium 1s clear;
in a case where the judgment indicates that the medium 1s
clear, transmitting a Probe Request frame to the base
station apparatus;
starting a first timer to count a first predetermined time
since the transmission of the Probe Request frame; and
in a case where a response to the Probe Request frame 1s
not recerved from the base station apparatus by a time
when the first timer finishes the counting of the first
predetermined time, waiting without transmitting a
next frame until the one or more first CF-END frames
1s transmitted.
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